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Drought Plan Components 
!  Monitoring and early warning 
!   assess, communicate, and trigger action 
!   Foundation of a drought mitigation plan  
 
!  Vulnerability assessment  
!   Who and what is at risk and why? 
 
!  Mitigation and response actions 
!   Actions/programs that reduce risk and impacts 
and enhance recovery 
Most processes and plans in the past have primarily 
focused on monitoring and response... 
“You can’t manage what you 
don’t measure…..and you can’t 
measure what you don’t 
monitor….” 
(An old business adage applied to DEWS!) 
What are Drought Monitoring and 
Early Warning Systems?  
 
A drought monitoring system will track, assess 
and report climate and water supply trends and 
current conditions (e.g., rainfall, reservoirs, 
impacts, etc.) (modified from WMO – No. 1006e) 
An early warning system facilitates “the provision 
of timely and effective information, through 
identifying institutions, that allow individuals 
exposed to a hazard to take action to avoid or 
reduce their risk and prepare for effective 
response” (ISDR, 2003).   
Drought Monitoring State of the Science: 
Where are we now? 
 
!   WMO/WCC-3,GDPN/GEOSS is a way to learn/
leverage from one another 
!   Canada/Mexico/United States/Africa/EDO 
!   UN/WMO/others 
!   Many regions/countries are working together to 
better monitor drought 
!   Monitoring of impacts globally is virtually non-
existent 
!   Early warning/monitoring just one key: THEN 
WHAT? Need linkages to risk/vulnerability 
assessment and planning for adaptation 
!   Many indicators/indices don’t reflect reality in 
various regions, or for various season(s)……or for 
both! 
 
……..the rapid onset of National 
Drought Centers/Strategies 
!   Australia 
!   South Africa 
!   Canada 
!   United States 
!   Slovenia/Southeast Europe 
!   Spain 
!   EU/JRC 
!   Turkey 
!   Portugal 
!   South Korea 
!   China 
!   India 
!   Pakistan 
!   Morocco 
!   Syria 
!   Brazil (Sao Paulo state) 
!   Jordan 
!   Iran 
Drought Monitoring/Reporting Systems 
The Importance of Drought Early 
Warning Systems (DEWS) 
!  Allows for early drought detection 
!   Improves response (proactive) 
!  Data and tools for decision support 
!  “Triggers” actions within a drought plan  
!  A critical mitigation action 
!  Foundation of a drought plan 
Components of a Drought Early 
Warning System (DEWS) 
!   Monitoring AND Forecasting 
!   Access to timely data 
!   Synthesis/analysis of data used to “trigger” set 
actions within a drought plan 
!   Tools for decision makers 
!   Efficient dissemination/communication 
(WWW, media, extension, etc.) 
!   Drought risk planning 
!   Education and Awareness 
Approaches to Drought 
Assessment 
!  Single index or indicator (parameter) 
!  Multiple indices or indicators 
!  Composite (or “hybrid”) Indicator 
The U.S. Drought Monitor 
Since 1999, NOAA (CPC, NCDC, WRCC), USDA, and the 
NDMC have produced a weekly composite drought map -- 
the U.S. Drought Monitor -- with input from numerous 
federal and non-federal agencies 
•  Western Region Climate Center on board 2008 
•  11 authors in all 
•  Incorporate relevant information and products                    
from all entities (and levels of government) dealing 
with drought (RCC’s, SC’s, federal/state agencies, etc.) 
(300 experts) 

U.S. Drought Monitor Map 
Drought Intensity Categories 
D0 Abnormally Dry  (30%tile) 
D1 Drought – Moderate (20%tile) 
D2 Drought – Severe (10%tile) 
D3 Drought – Extreme (5%tile) 
D4 Drought – Exceptional (2%tile) 

Essential Tools! 
Tools: Drought Impact Reporter 
droughtreporter.unl.edu 
So just what is the cost of drought? 
Why Track Drought Impacts? 
!  Establish an impacts baseline for monitoring 
!   Climate change 
!  To know where to direct relief 
!  To reduce vulnerability in advance of the 
next drought 
!  “Ground truth” indices 
!  No single method exists for collecting and/or 
quantifying drought losses 
!  Very little in the way of environmental or 
qualitative collection 
www.westgov.org 
Some Key Recommendations: 
Through a strengthening of 
NIDIS…… 
*   Full funding for basic data 
 collection 
–  Socio-economic data to 
better understand and 
quantify the impacts of 
drought and to inform cost-
effective preparedness and 
response strategies 
–  Ecosystem data to better 
understand the impacts of 
drought to aquatic, riparian 
and groundwater dependent 
ecosystems and species 
and the loss of ecosystem 
services 
 
WGA/WSWC 2011 
Some DIR Factoids 
!   Established 
in 2005 
!   DIR DB now 
contains 
>13,500 
impacts 
!   1,534 impacts 
added in 
2010 
 

Drought Impact Reporter, October 5, 2009 


What We’ve Learned:  
Refine Categories 
Planned Current  
Promoting the “drought impact 
reporting” idea to their volunteers… 
* 14,000+  volunteers 
covering all 50 states!! 
* CoCoRaHS “Message 
of the Day” 
 
* Monthly e-mail 
reminders 
 
* Guide to reporting 
drought impacts 
 
* Banners on the Web 
 
Courtesy: Henry Reges, Colorado State University 
Challenges 
!   Systematic impact assessments are needed 
!   Convince decision-makers that their 
mitigation/adaptation actions will reduce 
future drought impacts 
!   Quantify impacts and benefits 
!   Incorporate into drought planning/mitigation 
•  Proactive vs. Reactive 
!   Continual education and awareness 
!   It is also hard for mitigation measures to 
compete for funding with the many urgent and 
immediate emergency funding needs facing 
governments 
Tools: A New and Enhanced 
National Drought Atlas 
!   First drought atlas study done by the ACE, IBM and 
NOAA (Hosking, Wallis and Guttman)(early 90’s) 
!   Used HCN:  ~1000 station 1948 to late 1980s 
!   New atlas utilizes GIS, digital pre-1948 data and two 
more decades since the first atlas release 
!   Currently open, at least 40 years of data, no more than 2 
consecutive missing months in the POR 
!   139 clusters/regions developed and analyzed 
!   SPI, SPEI, PDSI, sc-PDSI and Deciles through 2009 
!   Weekly gridded maps for all parameters back to early 1900s 
!   New Drought Atlas bottom line, ~3000 (P) and ~ 2300 
(P+T) stations w/ ~ double the period of record when 
compared to the original atlas (allows for more robust 
statistical calculations) 














Tools: VegDRI 
Vegetation Drought Response Index (VegDRI) 
VegDRI is a new ‘hybrid’ drought index that integrates: 
  -  satellite-based observations of vegetation  
 conditions  
  -  climate-based drought index data 
             -  biophysical characteristics of the environment 
 to produce 1-km spatial resolution maps that depict   
‘drought-related vegetation stress’. 
Paper Reference:  Brown, J.F., B.D. Wardlow, T. Tadesse, M.J. Hayes, and B.C. Reed, 2008.  The vegetation drought  
    response index (VegDRI): a new integrated approach for monitoring drought stress in vegetation.   
    GIScience and Remote Sensing, 45(1):16-46. 
Goals of VegDRI 
Provide seamless, national-level monitoring capabilities that 
provides local-scale information (i.e., county to sub-county level) 
regarding the level of drought stress on vegetation. 
 
VegDRI	  
June	  29,	  2009	  
USDM	  
June	  30,	  2009	  
State	  of	  
Texas	  
State	  of	  
Texas	  
VegDRI – An Integrated Approach 
Satellite-based 1-km NDVI 
(normalized difference 
vegetation index) observations 
provide spatially detailed 
information regarding the 
general state and condition of 
vegetation. 
 
     Variables: 
       -  percent annual seasonal      
          greenness (PASG) 
       -  start of season anomaly  
          (SOSA) 
Measure of ‘broad scale’ 
geographic patterns of 
dryness. 
 
   Variables: 
      - standardized 
        precipitation index (SPI) 
      - Palmer drought severity  
         index (PDSI) 
Environmental characteristics 
that influence climate-
vegetation interactions. 
 
    Variables: 
         -  land use/land cover type    
         -  soil characteristics 
         -  elevation 
         -  ecological setting 
Remote Sensing Component Climate Component Biophysical Component 
+ +
Brown, J.F., B.D. Wardlow, T. Tadesse, M.J. Hayes, and B.C. Reed, 2008.  The vegetation drought  
    response index (VegDRI): a new integrated approach for monitoring drought stress in vegetation.   
    GIScience and Remote Sensing, 45(1):16-46. 
VegDRI Methodology 
(*)	  Models	  developed	  from	  a	  20-­‐year	  historical	  record	  (1989	  –	  2008)	  	  
	  	  	  	  	  	  of	  bi-­‐weekly	  climate	  and	  AVHRR	  satellite	  observations	  at	  2,200+	  	  	  	  
	  	  	  	  	  	  weather	  station	  locations.	  	  
	  	  	  	  	  Biophysical	  variables	  are	  static	  over	  time.	  
Satellite Data 
1-km VegDRI Map 
1) Percent Annual Seasonal 
Greenness (PASG) 
2) Start of Season Anomaly 
(SOSA) 
1)  Palmer Drought Severity 
        Index (PDSI) 
2) Standardized Precip.    
         Index (SPI) 
1) land use/ cover type 
2) soil available water      
    capacity (STATSGO) 
3) ecoregion type 
4)  irrigation status 
5) elevation 
Climate Data 
Biophysical Data 
Regression 
Tree  
     Model (*) 
Data Input Variables 
1. Historical Database Development 
2. Model  
    Development 
3. Map Generation 
Operational VegDRI Production 	  
• 	  	  Weekly and bi-weekly  
    map updates 
 
•   Several ‘value added’ products 
         -  change maps 
         -  time-series animations 
         -  classified area map tables 
         -  map narrative     
•   20+ year historical record of 
   VegDRI maps (1989 to present) 
 
•   International interest to apply VegDRI approach 
 -  Canada (* Pilot project in 2011) 
 -  Europe 
 -  India 
 -  Argentina 
VegDRI website:  http://www.drought.unl.edu/vegdri/VegDRI_Main.htm 
Considerations for Using Remote Sensing  
Products in a Drought Early Warning System 
1.  Geographic coverage and spatial scale of the EWS 
  -  national (Turkey), provincial, or local 
  -  parcel/field-level, province-level, or national-level 
 
2.    Time Interval of the EWS Monitoring Updates 
  -  weekly, bi-weekly, and/or monthly 
 
3.  Data cost 
 -  Many data sets available at little or no cost. 
 -  High resolution data applicable for field-level assessment    
typically are more costly, cover a small geographic area, and 
less frequently acquired (weeks to months). 
 
4.    Format of data to be used in the EWS for monitoring 
  -  digital data for quantitative analysis in geographic   
                  information system (GIS) 
  -  hardcopy (paper) maps for qualitative (visual) analysis 
Tools: Planning 
!  All droughts are local, yet most planning 
has been top down 
!  Seeing a trend toward more place-based 
planning at the local level 
!  Ranch Planning, Drought Ready 
Communities, etc. 
The Drought Ready Community Project 
!  2 years (June 2008-
June 2010) 
!  Funded by NOAA’s 
Climate Program Office, 
Sectoral Applications 
Research Program 
(SARP), and NIDIS 
!  Plans to follow on with 
APA and ICLEI 
http://drought.unl.edu/plan/DRC.htm 
!  1: Invite & Commit 
!  2: Gather Information 
!  3: Start Monitoring 
!  4: Plan for Education 
& Awareness 
!  5: Plan Responses 
to Reduce Impacts 
Worksheets 
!  Benefits of Drought Planning 
!  Contact List 
!  Perceptions of Drought 
!  Available Water Supplies 
!  Top Water Users 
!  Cost-Benefit Comparison 
!  Linking Thresholds to Actions 
Section 3: Establish monitoring 
!  A list of drought indicators the community 
should regularly monitor including: 
!   One large-scale climate indicator. & 
!   One locally generated indicator directly relevant to 
your community’s water supply. & 
!   Drought impact indicators. & 
!  The names of people who will check the 
indicators, and the schedule for checking. & 
!   Frequency may increase along with drought 
conditions, i.e., from monthly to weekly to daily 
 
Na#onal	  Integrated	  Drought	  	  
Informa#on	  System	  (NIDIS)	  
A NOAA-led Federal, State, Tribal and Local Partnership 
(Public Law 109-430, 2006) 
www.drought.gov 
Goal of NIDIS:  Improve the nation’s capacity 
to ‘proactively’ manage drought-related risks 
by providing decision makers with the best 
available information and tools to assess the 
impact of drought and to better prepare for and 
mitigate the effects of drought. 
Roles of the NDMC in NIDIS 
!   Co-Chair of the NIDIS Executive Council   
!   Wilhite, Director of UNL-SNR  
!   NIDIS Program Implementation Team (Hayes 
Co-Chair) 
!   Svoboda, Bathke, and Hayes 
!   U.S. Drought Portal Co-Chair (Svoboda) 
!   Engaging Preparedness Communities Co-Chair 
(Bathke) 
!   NIDIS Portal Help Desk 
!   NIDIS Pilot Project Coordination Workshops 
!   NIDIS Regional Drought Monitor/EWS Projects 
(Svoboda, Wardlow, and Fuchs) 
Establishing a sustainable network of 
drought stakeholders 
 
NIDIS Engaging 
Preparedness Communities 
Working Group 
UNL Project approval number (IRB# 20101111010 EX) 
Preparedness 
Drought 
planning 
Pro-active 
mitigation 
measures 
Public 
education 
NIDIS Implementation Plan, 2007 
Preparedness 
EPC Working Group Goal: 
 Assist entities in planning for and reducing the risks 
associated with drought 
Establish 
collaborative 
networks 
Drought 
coordinators 
Scientists 
Policy makers 
Lead 
development 
Drought 
exercises 
Post-drought 
assessments 
Highlight success 
Case studies 
Best practice 
documents 
NIDIS Implementation Plan, 2007 
Approach 
Sustain 
communication through virtual communities on the drought web portal 
Engage 
stakeholders through an annual workshop 
Expand 
communication through a sequence of webinars 
Establish 
communication with state & local drought contacts through a series of short surveys 
Create & Educate 
through the development of a drought plan database 
June 2008 
•  NIDIS Kansas City workshop 
Summer 2010 
•  Began database creation 
•  Project approval 
Winter 2010 
•  Establish 
Communication 
Spring 2011 
•  Deploy surveys 
•  1st webinar 
June 2011 
•  NIDIS Chicago workshop 
Going Global: eGaddis! 
Individually, many nations will be 
unable to improve their drought 
coping capacity. 
 
Collectively, through global, regional, 
and national partnerships, we can 
share information and experiences 
to reduce the impacts of drought. 
Global Drought Preparedness Network 
Potential Regional Networks 
West Asia Network 
Mediterranean 
N. Africa 
Network 
Southeastern and Central European Network 
South American Network 
North American 
Network 
Sub-Saharan African 
Network 
Asian Network 
Caribbean Network 
Regional DEWS Networks 
South American Network 
Global Drought Preparedness Network - UNISDR 


ü  The	  growing	  problem	  of	  drought	  and	  its	  impact	  on	  long-­‐term	  
sustainability	  of	  Earth’s	  water	  resources	  has	  been	  recognized	  for	  many	  
years.	  	  At	  a	  2007	  GEO	  Ministerial	  Summit,	  the	  event	  concluded	  with	  a	  U.S.	  
proposal	  that	  technical	  representatives	  from	  participating	  countries	  build	  
upon	  existing	  programs	  to	  work	  toward	  establishing	  a	  Global	  Drought	  
Early	  Warning	  System	  (GDEWS)	  within	  the	  coming	  decade	  to	  provide:	  
§  A	  system	  of	  systems	  for	  data	  &	  information	  sharing,	  communication,	  &	  
capacity	  building	  to	  take	  on	  the	  growing	  worldwide	  threat	  of	  drought	  
§  Regular	  drought	  warning	  assessments	  issued	  as	  frequently	  as	  possible	  
with	  increased	  frequency	  during	  a	  crisis	  
Richard Heim 2011 
Future Drought Monitoring Challenges 
The Big Five:  
!   Impact collection/quantification 
!   Soil moisture (especially in situ) 
!   Hydrology (surface and groundwater) 
!   Application of remotely sensed/modeled/forecast 
products operationally 
!   Trust 
!   Transition from research to operational 
!    Uncertainty  
!   Ecological/Environmental (D-x E?) 
!    Unmanaged systems (rangeland/pastureland or irrigated 
vs. non-irrigated) 
!   “If a drought occurs in the desert, does anybody see it?” 
 
Final Thoughts on DEWS 
!   All droughts are LOCAL 
!   Monitoring local/regional/national/global (bottom-up or top-
down or a combination of both) 
!   Planning local/regional/national 
!   Collaboration (plenty of room left at the table!) 
!   Leverage resources 
!   Leverage skills/products (DRINET) 
!   Data sharing (derivative and/or joint products) 
!   Dissemination 
!   Ownership 
!   Attribution for all 
!   Communication/Transparency 
Please visit the NDMC website for more 
information: http://drought.unl.edu 
Contact me at: 
Mark Svoboda 
402-472-8238 
msvoboda2@unl.edu 
Thanks!  
 
